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(54) Air eliminator for intravenous delivery systems 

(57) A air elimination device (10) for rennoving air or 
gas bubbles from aqueous liquids flowing through an in- 
travenous delivery system. The device (10) comprises 
a housing (12) having an Interior chamber (14), an inlet 
passage (20), an outlet passage (24), and one or more 
vent openings (32). The inlet passage (12) delivers the 
liquid into the interior chamber (14). The outlet passage 
(24) delivers the liquid from the interior chamber (14). A 
hydrophobic membrane (34) is attached to the housing 
(12) and positioned over the vent openings (32). The 
hydrophobic membrane (34) allows gas bubbles in the 
aqueous liquid that enters the interior chamber (14) of 
the housing (12) to pass through the vent openings (32) 
while preventing the Ikiuid from passing through the vent 
openings (32). The outlet passage (24) comprises a 
stem (28) which extends inwardly into the interior cham- 
ber (14) and terminates in an interior end. The vent 
openings (32) are shaped and located in the housing 
(12) such that at least a portion of a vent opening (32) 
will be positioned at a higher elevation than that of the 
interior end of the stem (28) irrespective of the orienta- 
tion of the housing (12). 
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Description 

BACKGROUND OF THE INVENTION 

The invention relates generally to intravenous de- 
livery systems, and in particular, to low volume drug in- 
fusers. 

In intravenous delivery systems, it is a common 
problem for gas bubbles to exist within the solution that 
is being administered to the patient. For example, most 
intravenous solutions contain a small percentage of air. 
In addition, air bubbles often enter the delivery system 
whenever infusion bottles or other devices are removed, 
changed, or added. The presence of these gas bubbles 
can create a number of problems. First, it is important 
to prevent any gas bubbles from entering the patient's 
blood stream, where such gas bubbles can cause a gas 
embolism in the patient. Second, intravenous delivery 
systems typically utilize a flow control device that con- 
tains a small orifice through which the intravenous so- 
lution must pass. A gas bubble will often plug the orifice 
and prevent continued flow of the solution. Third, other 
devices such as filters may also be impeded by the pres- 
ence of air 

In the past, individuals have used a filter in the in- 
travenous delivery system where the filter has a vent for 
expelling gases, such as the filter disclosed in U.S. Pat- 
ent No. 4,906,260. Such filters rely on a hydrophilic 
membrane to positively stop any passage of gas bub- 
bles through the device. The use of these filters to el- 
eminate air has several drawbacks. First, the intrave- 
nous solution must pass through the hydrophilic mem- 
brane. This can impede the flow of the solution. Second, 
the use of a filter n'r-ay be unnecessary, thus adding un- 
wanted costs. Third; some drugs will bind to the hy- 
drophilic membrane and clog the filter, thus completely 
stopping the flew of the solution. Fourth, the use of a 
filter may be undesirable when administering certain so- 
lutions such as biological drugs or antibiotics where fil- 
tration is to be avoided. Nevertheless, it is not uncom- 
mon for individuais to employ such filters irrespective of 
there drawbacks so as to gain the air venting benefits 
of these filters. It is therefore desirable to provide an ef- 
fective way of removing air bubbles from Intravenous so- 
lutions without using hydrophilic filters. 

SUMMARY OF THE INVENTION 

The invention provides an efficient, low-cost device 
for removing air or gas bubbles from aqueous liquids 
flowing through an intravenous delivery system. 

The air eliminator device is comprised of a housing 
having an interior chamber. The housing has one or 
more vent openings located in the housing adjacent to 
the interior chamber. A hydrophobic membrane is at- 
tached to the housing and positioned over the vent 
openings. The hydrophobic membrane is capable of al- 
lowing gas bubbles In the aqueous liquid to pass through 



the vent opening while preventing the liquid from pass- 
ing through the vent openings. The housing comprises 
an inlet passage for the delivery of the liquid into the 
chamber. The housing comprises an outlet passage for 
5 the delivery of the liquid from the chamber The outlet 
passage comprises a stem which extends inwardly into 
the chamber and terminates in an interior end. The vent 
openings are shaped and located in the housing such 
that at least a portion of a vent opening will be positioned 
10 at an elevation higher than that of the interior end of the 
stem irrespective of the orientation of the housing. 

As liquid passes into the interior chamber of the de- 
vice, gas bubbles within the liquid separate and float un- 
der the influence of gravity to the upper most portion of 
the interior chamber As liquid continues to pass through 
the device, additional gas bubbles accumulate inside 
the interior chamber. When sufficient gas has accumu- 
lated so as to come in contact with one of the vent open- 
ings. the gas will pass through the hydrophobic mem- 
brane and the vent opening, thereby exiting the device. 
The hydrophobic membrane prevents the aqueous liq- 
uid from passing through the vent openings. 

The inwardly projecting stem functions to prevent 
gas bubbles within the interior chamber from escaping 
through the outlet passage before coming Into contact 
with the hydrophobic membrane and one of the vent 
openings. The stem effectively places the interior open- 
ing of the outlet passage at an elevation below that of a 
vent opening irrespective of the orientation or position 
of the device. This is of particular importance should the 
device become inverted (i.e., the outlet passage at an 
elevation below that of the Inlet passage). Consequent- 
ly, the air eliminator device is not position sensitive. 

The above device is simple and inexpensiVo to 
manufacture. This is of particular imporlanct^ rince 
these devices are typically disposed of after each ?;se. 
The device also eliminates the need for a hydrcphJlic 
filter to positively block the passage of gas bubbles. Hy- 
drophilic filters are relatively expensive and can imp<?de 
or even prevent the flow of liquid through the intiave- 
nous delivery system. Moreover, hydrophilic filters are 
undesirable for the administration of certain types of bi- 
ological drugs and antibiotics. 

These together with other objects and advantages 
which will become apparent in the details of conoti jctlon 
and operation as more fully described and claimed bo- 
low. 

BRIEF DESCRIPTION OF THE DRAWINCSS 

FIG. 1 is a perspective view of the air eliminator de- 
vice. . 

FIG. 2 is an exploded perspective view ot the air 
eliminator device showing the component elements 
ss thereof. 

FIG. 3 is a cross-sectional view taken along line 3-3 
of FIG. 1. 

FIG . 4 is a cross-sectional view of an alternative em- 
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bodiment of the air eliminator similar to the view of FIG. 
3. 

FIG. 5 is a perspective view of the air eliminator de- 
vice being employed as part of an intravenous delivery 
system. s 

DETAILED DESCRIPTION OF THE DRAWINGS AND 
PREFERRED EMBODIMENTS OF THE INVENTION 

Referring to FIGS. 1 and 3 of the drawings, refer- io 
ence numeral 10 indicates in general the preferred air 
eliminator device of the present invention. The air elim- 
inator device 10 is conpprised of a housing 1 2 having an 
interior chamber 14. In the preferred embodiment 
shown, the housing 1 2 is comprised of a cylindrical side 
wall 16 and two opposing end walls 16. The housing 12 
should be made of a material, preferably plastic, which 
will not react with or contaminate the aqueous liquid 
passing through the device. To avoid the collection of 
unwanted materials within the device, the Interior sur- 
face of the housing 1 2 should be free of any corners or 
sharp angles. In the preferred embodiment shown, a ra- 
dius is provided at the juncture of the housing side wall 
16 and the opposing end walls 16. 

An inlet passage 20 is provided on the housing 12 
for delivery of liquids into the interior chamber 14 of the 
housing. The inlet passage 20 includes an Inlet port 22 
which protrudes from the housing 1 2. An outlet passage 
24 is also provided on the housing 1 2 for delivery of liq- 
uids from the Interior chamber 14 of the housing. The 
outlet passage 24 includes an outlet port 26 which pro- 
trudes from the housing 12, The inlet passage 20 and 
the outlet passage 24 are of sufficient diameter to allow 
unobstructed flow of the aqueous liquid being adminis- 
tered. In the preferred embodiment shown, the inlet port 
22 and the outlet port 26 are located on opposite end 
walls 18 of the housing and are designed to be connect- 
ed to standard IV tubing 60 (FIG. 5) used in intravenous 
delivery systems. 

The outlet passage 24 also comprises a stem 28 
which extends inwardly into the Interior chamber 14. In 
the preferred embodiment shown, the stem 28 extends 
to the approximate center of the interior chamber 14. In 
addition, the cross-sectional area of the outlet passage 
24 at the interior end of the stem 30 is preferably less 
than the cross-sectional area of the inlet passage 20. 

One or more vent openings 32 are located in the 
housing 1 2 adjacent to the interior chamber 1 4. The vent 
openings 32 are positioned in such a manner that at 
least a portion of a vent opening will always be at a high- 
er elevation than the interior end of the stem 30, irre- 
spective of the orientation of the housing 12. The vent 
openings 32 are of sufficient size to allow gas bubbles 
in the aqueous liquid to escape the housing 12. In the 
preferred embodiment shown, a pluirality of vent open- 
ings 32 are located abng the perimeter of the housing 
side wall 16 and are separated by ribs 40. The ribs 40 
provide strength and rigidity to the housing 12 and also 



help support the hydrophobic membrane 34, described 
below. 

A hydrophobic membrane 34 is attached to the 
housing 12 and positioned over the vent openings 32. 
The hydrophobic membrane 34 allows the passage of 
gas bubbles in the aqueous liquid that enters the interior 
chamber 14 to pass through the vent openings 32 and 
escape from the housing 12. The hydrophobic mem- 
brane 34, however, prevents the passage of the aque- 
ous liquid contained in the interior chamber 14 from es- 
caping through the vent openings 32. The pressure of 
the aqueous liquid passing through the air eliminator de- 
vice prevents outside air from passing through the hy- 
drophobic membrane 34 and entering into the Intrave- 
nous delivery system. The hydrophobic membrane 34 
preferably has a pore size of 0.2-3.0 microns and ex- 
tends continuously along the perimeter of the housing 
side wall 16. The hydrophobic membrane of the pre- 
ferred embodiment Is comprised of a Versapor Grade R 
membrane having a 0.2 micron pore size, manufactured 
by the Gelman Corporation. 

Referring to FIG. 4 of the drawings, the outlet pas- 
sage 52 of an alternative embodiment of the air elimina- 
tor device 50 comprises a flow control device 53. The 
flow control device 53 is preferably a glass tube having 
an orifice with a interior cross-sectional area substan- 
tially less than the cross-sectional area of the inlet pas- 
sage 51. 

Referring to FIG. 2 of the drawings, the preferred 
embodiment shown is manufactured as follows. The 
housing 1 2 Is manufactured from two separate parts, the 
outlet housing 36 and the inlet housing 38, respectively 
Both the outlet housing 36 and the inlet housing 38 are 
preferably Injection molded from plastic. The hydropho- 
bic membrane 34 is insert molded into the inlet housing 
38, thereby sealing the edges of the membrane to the 
interior surface of the housing. The inlet housing 38 is 
then welded to the outlet housing 36, preferably by ul- 
trasonic or spin welding, to complete the assembly of 
the air eliminator device. If the outlet passage 24 com- 
prises a flow control device such as a glass tube 53 (FIG. 
4), the flow control device Is preferably pressed or mold- 
ed into the outlet passage 52. 

Referring to FIG. 5 of the drawings, the preferred 
air eliminator device 10 operates as follows. The air 
eliminator device 10 is typically installed in an intrave- 
nous delivery system, such as a low volume drug inf us- 
er, by connecting the IV set tubing 60 from the aqueous 
liquid source 62 to the inlet port 22. IV tubing 70 leading 
to the patient is then connected to the outlet port 26. The 
air eliminator device is ordinarily, although not neces- 
sarily, positioned in a more or less vertical orientation 
with the inlet passage 20 located above the outlet pas- 
sage 24. Any devices which can be affected by air bub- 
bles, such as flow control regulators, drip chambers,- or 
filters, are preferably located downstream from the air 
eliminator device. The system is then primed with the 
aqueous liquid to be administered to remove the air in 
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the IV tubing and other devices before connecting the 
delivery system to the patient. 

During administration of the aqueous liquid to the 
patient, the liquid first passes through the air eliminator 
device 10. Referring to FIG. 3 of the drawings, the liquid 
enters the Interior chamber 14 of the device through the 
inlet passage 20. As the liquid enters the Interior cham- 
ber 14, any gas bubbles within the liquid tend to sepa- 
rate from the liquid and rise or float under the influence 
of gravity to the upper most portion of the interior cham- 
ber 1 4 near the end wall 1 8 adjacent to the inlet passage 
20. The increased cross-sectional area of the Interior 
chamber 1 4 as compared to the cross-sectional area of 
the inlet passage 20 and the outlet passage 24 cause a 
decreased rate of flow of the liquid through the Interior 
chamber 14. thereby promoting the separation of gas 
bubbles from the liquid. The aqueous liquid, free of gas 
bubbles, then leaves the Interior chamber 1 4 by passing 
through the outlet passage 24. 

As the aqueous liquid flows through air eliminator 
device 10, gas bubbles continue to accumulate in the 
uppermost portion of the interior chamber 14. When suf- 
ficient gas has accumulated to come In contact with the 
hydrophobic membrane 34 and. consequentially, one of 
the vent openings 32. the gas will pass through the hy- 
drophobic membrane 34 and the vent opening 32, there- 
by exiting the intravenous delivery system. The pres- 
sure within the aqueous liquid that exists under normal 
operation of the delivery system assists In expelling the 
gas through the hydrophobic membrane 34. The hydro- 
phobic membrane 34 prevents the aqueous liquid from 
escaping through the vent openings 32 of the device. 

It may be desirable to decrease the cross-sectional 
area of the outlet passage 24 as compared to the cross- 
sectional area of the inlet passage 20, particularly for 
use in high flow Intravenous delivery systems. Decreas- 
ing the cross-sectional area of the outlet passage 24 will 
increase the pressure of the aqueous liquid inside the 
interior chamber 14. This increased pressure will in- 
crease the rate at which gas bubbles will pass through 
the hydrophobic membrane 34 and vent openings 32. 

Referring to FIG, 3 of the drawings, the pressure of 
the aqueous liquid inside the interior chamber 14 can 
be increased by reducing the cross -sectional area of the 
outlet passage 24 at the Interior end of the stem 30. For 
example; In the preferred embodiment shown, the inte- 
rior diameter of the Inlet passage 20 is 0.090 inches and 
the interior diameter of the interior end of the stem 30 is 
0.040-0.060 inches. 

Referring to FIG. 4 of the drawings, the pressure of so 
the aqueous liquid Inside the interior chamber 64 can 
also be increased by inserting a flow control device 53 
into the outlet passage 52. In the alternative embodi- 
ment shown, the flow control device 53 is preferably a 
glass tube having an orifice of 0.0015-0.020 Inches in ss 
diameter 

Although the air eliminator device 10 Is ordinarily 
positfoned In a more or less vertical orientation with the 



inlet passage 20 located above the outlet passage 24, 
the device will also function in a horizontal or inverted 
position. For example, if the device is inverted so that 
the outlet passage 24 is above the inlet passage 20, gas 
s bubbles within the liquid will still rise to the upper most 
portion of the Interior chamber 14. in this case, near the 
end wall 1 8 adjacent to the outlet passage 24. The outlet 
stem 28 prevents the bubbles from passing through the 
outlet passage 24 by positioning the interior end of the 
stem 30 belowthe accumulated gas in the Interior cham- 
ber 14. As described above, when sufficient gas has ac- 
cumulated to come in contact with the hydrophobic 
membrane 34, and consequentially one of the vent 
openings 32, the gas will pass through the hydrophobic 
membrane 34 and the vent opening 32, thereby exiting 
the intravenous delivery system. The stem 28 must 
project inwardly into the interior chamber 1 4 a sufficient 
distance to prevent accumulated gas from coming into 
contact with the interior end of the stem 30 prior to com- 
ing into contact with the vent openings 32. 

Although it is possible for a gas bubble to rise from 
the inlet passage 20 and directly enter the stem 28 when 
the air eliminator device 10 is in the inverted position, 
this possibility has been substantially eliminated by re- 
ducing the cross-sectional area of the interior end of the 
stem 30 as compared to the cross-sectional area of the 
inlet passage 20. Gas bubbles entering through the inlet 
passage 20 typically have a diameter corresponding to 
the diameter of the Inlet passage 20. These gas bubbles 
will generally be too large to enter the stem 28. Thus, 
any gas bubbles that strike the interior end of the stem 
30 will typically deflect off to the side and accumulate In 
the upper most portion of the interior chamber 14 adja- 
cent to the base of the stem 28. 

When the air eliminator device 1 0 is in the horizontal 
position, gas bubbles will tend to accumulate against up- 
per most portion ot the housing side wall 1 6. From there, 
the gas will readily exit device 10 through the hydro- 
phobic membrane 34 and one of the vent openings 32. 
The position of the interior end of the stem 30 below the 
vent opening 32 in the upper most portion of the housing 
side waif 1 6 prevents the accumulated gas from passing 
through the outlet passage 24. 

As can seen trorr) the above description, the air 
eliminator device will effectively eliminate gas bubbles 
from an aqueous liquid irrespective of the orientation or 
position of the device. 

It should be appreciated that any number of config- 
urations or arrangements for the various components 
described above may be utilized to accomplish the in- 
vention claimed herein. For example, the vent openings 
could be located in the end walls 18 adjacent to the inlet 
and outlet passages, 20 and 24 respectr/ely In addition, 
the inlet and outlet passages, 20 and 24 respectively! 
could be located in the same end wall 18. Likewise, the 
housing 12 can be of any geometric shape, such as a 
cube or a sphere. 
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Claims 

1. A device for removing gas bubbles from liquids in 
Intravenous delivery systems comprising: 

a) a housing having an interior chamber, said 
housing having a vent opening on the periphery 
of the chamber; 

b) a hydrophobic membrane attached to said 
housing and positioned over said vent opening, 
said hydrophobic membrane capable of allow- 
ing gas bubbles in the liquid to pass through 
said vent opening while preventing aqueous liq- 
uid from passing through said vent opening; 

c) an inlet passage to the housing for delivering 
the liquid into the chamber; 

d) an outlet passage to the housing for deliver- 
ing the liquid from the chamber, said outlet pas- 
sage comprising a stem which extends inward- 
ly into the chamber and terminates in an interior 
end; and 

e) said vent opening being shaped and located 
in the^housing such that at least a portion of the 
vent opening will be positioned at an elevation 
higher than that of the interior end of the stem 
irrespective of the orientation of the housing. 

2. A device according to claim 1 , wherein the interior 
end of the stem is located at the approximate center 
of the interior chamber. 

3. A device according to claim 1 , wherein the cross- 
sectional area of the outlet passage at the interior 
end of the stem is less than the cross-sectional area 
of the inlet passage. 

4. A device according to claim 1 . wherein the cross- 
sectional area of the outlet passage is smaller than 
the cross-sectlonal.area of the inlet passage to in- 
crease the pressure of the liquid in the interior 
chamber as liquid flows through the interior cham- 
ber. 

5. A device according to claim 4. wherein the outlet 
passage comprises a flow control device having an 
orifice of 0.0015-0.020 inches in diameter. 

6. A device according to claim 1 , wherein said hydro- 
phobic membrane is comprised of a membrane 
having a pore size of 0.2-3.0 microns. 

7. A device according to claim 1 , wherein said housing 
comprises a plurality of vent openings. . 

8. A device according to claim 1, wherein said inlet 
passage and said outlet passage each comprise an 
IV tubing connector. 



9. A device according to claim 1 , wherein said housing 
comprises opposing end walls, said inlet passage 
is located in one of the housing end walls and said 
outlet passage Is located in the opposite housing 

s end wall. 

10. A device according to claim 7, wherein said hydro- 
phobic membrane extends continuously In the form 
of a band along the periphery of the housing. 

10 

11. A device according to claim 1, wherein said housing 
comprises a cylindrical side wall and opposing end 
walls, said inlet passage is located in one of the 
housing end walls, said outlet passage is located in 

IS the opposite housing end wall, and said vent open- 
ing is located in the housing side wall. 

12. A device according to claim 1 1 . wherein said hous- 
ing comprises a plurality of vent openings located 

20 abng the perimeter of the housing side wall. 

13. A device according to claim 1 1 , wherein said hydro- 
phobic membrane extends continuously in the form 
of a band along the perimeter of the housing side 

25 wall. 

14. A device according to claim 11 , wherein said hous- 
ing is plastic. 

30 15. A device for removing gas bubbles from liquids In 
intravenous delivery systems comprising: 

a) a housing comprising a side wall and oppos- 
ing first and second end walls defining an inte- 

35 ripr chamber, said housing having a plurality of 

vent openings along the perimeter of the side 
wall; 

b) a hydrophobic membrane attached to said 
housing and positioned over said vent open-. 

40 ings. said hydrophobic membrane capable of 

allowing gas bubbles in the liquid to pass 
through said vent opening while preventing 
aqueous liquid from passing through said vent 
opening; 

45 c) an inlet passage located in said first end wall 

of the housing for delivering the liquid into the 
chamber, said inlet passage comprising an IV 
tubing connector extending outwardly from the 
first housing end wall; 

50 d) an outlet passage located in the second end 

wall of the housing for delivering the liquid from 
the chamber, said outlet passage comprising a 
stem and a IV tubing connector, said IV tubing 
connector extending outwardly from the sec- 

55 ond housing end wait, said stem extending in- 

wardly into the interior chamber and terminat- 
ing in an interior end located at the approximate 
center of the interior chamber, said outlet pas- 
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sage having a cross-sectional area at the inte- 
rbr end of the stem less than the cross-section- 
al area of the inlet passage; and 
e) said plurality of vent openings being shaped 
and located in the housing such that at least a s 
portion of a vent opening will be positioned at 
an elevation higher than that of the interior end 
of the stem irrespective of the orientation of the 
housing. 

10 

16. A device for removing gas bubbles from liquids in 
intravenous delivery systems comprising: 

a) a housing comprising a side wall and oppos- 
ing first and second end walls defining an inte- 75 
rior chamber, said housing having a plurality of 
vent openings along the perimeter of the side 
wall; 

b) a hydrophobic membrane attached to said 
housing and positioned over said vent open- 20 
ings, said hydrophobic membrane capable of 
allowing gas bubbles in the liquid to pass 
through said vent opening while preventing 
aqueous liquid from passing through said vent 
opening; 

c) an inlet passage located in said first end wall 
of the housing for delivering the liquid into the 
chamber, said inlet passage comprising an IV 
tubing connector extending outwardly from the 
first housing end wall; 30 

d) an outlet passage located in the second end 
wall of the housing for delivering the liquid from 
the chamber, said outlet passage comprising a 
stem and a IV tubing connector, said IV tubing 
connector extending outwardly from the sec- 35 
ond housing end wall, said stem extending in- 
wardly Into the interior chamber and terminat- 
ing in an interior end located at the approximate 
center of the interior chamber, said outlet pas- 
sage further comprising a flow control device; 40 
and 

e) said plurality of vent openings being shaped 
and located in the housing such that at least a 
portion of a vent opening will be positioned at 

an elevation higher than that of the interior end 45 
of the stem irrespective of the orientatbn of the 
housing. 
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